Congesting cuffs or "rotating tourniquets' are often used to treat patients with acute pulmonary edema secondary to left heart failure. The purpose of this study was to evaluate the effectiveness of congesting cuffs in pooling blood in the extremities and decreasing pulmonary congesting pressures in patients with left heart failure and to define optimal congesting cuff pressures. Congesting cuffs on three extremities were inflated to 20, 40, 60 and 80 mm Hg in 16 patients with left heart failure and in 7 normal subjects. The extremities were elevated to collapse the veins before inflating the cuffs. The amount of venous pooling was measured with mercury-in-silastic strain gauge plethysmographs. Inflation of the cuffs produced significantly less venous pooling in patients with heart failure than in normal subjects. Decreases in right atrial pressure during inflation of the cuffs were also significantly less in the patients with heart failure than in the normal subjects. In patients with heart failure, pulmonary congesting pressure ( 19, 1974. 366 gesting pressures. Ebert and Stead3 demonstrated that 580-980 ml of blood may be impounded in three extremities when congesting cuffs are inflated to diastolic pressure in normal subjects, but these investigators did not study patients with heart failure or evaluate effectiveness of lower congesting pressures.
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There are several reasons why patients with heart failure might respond differently from normal subjects to congesting cuffs. Wood4 has demonstrated that the systemic veins of patients with congestive heart failure are less distensible than normal. This suggests that congesting cuffs might be less effective in pooling blood in the veins and decreasing venous return and pulmonary congestion in these patients. On the other hand, pulmonary vascular pressure-volume curves are thought to be steep in patients with heart failure, so that small changes in pulmonary blood volume result in large changes in pulmonary congesting pressure.5 This suggests that even small amounts of pooling and decreases in venous return might be associated with large decreases in pulmonary congesting pressures.
The systemic veins are more distensible at low dis- 10 The important point is that the lower extremities were elevated to collapse the veins in both groups in the present study and baseline right atrial pressures before congestion were similar in the two groups so that lesser venous pooling in the patients with heart failure cannot be explained by pre-existing venous distension.
We cannot explain why some patients had appreciable decreases (> 4 mm Hg) in pulmonary congesting pressure and others did not. We compared one group which had decreases in pulmonary congesting pressure ranging from -5 to -14 mm Hg (average -8; N = 6) and another group which had changes ranging from -1 to +4 mm Hg (average +1; N = 6). There were no significant differences between the two groups in resting pulmonary congesting pressure, arterial pressure and right atrial pressure. There were also no significant differences between the two groups in the amount of venous pooling or the changes in right atrial and arterial pressures. Since the amount of pooling was not different, we might suggest that the decreases in pulmonary blood volume in "responders" and "nonresponders" were not different, and that, therefore, the patients who had appreciable decreases in congesting pressures had steeper pulmonary vascular pressure-volume curves. This explanation is speculative, however, since pulmonary blood volume was not measured in these patients.
Increases patients develop heart failure and pulmonary edema abruptly. It is possible that decreases in venous distensibility, particularly those decreases which result from local factors, may not have developed in patients with abrupt onset of heart failure. If this is true, then patients with abrupt onset of heart failure and pulmonary edema might pool more blood and have greater decreases in pulmonary congesting pressures than the patients in our study. In contrast, there are several factors which might contribute to less venous pooling in patients with acute pulmonary edema. First, in many patients with pulmonary edema there are potent reflex vasoconstrictor stimuli such as hyperventilation,12 apprehension or pain which tend to decrease the amount of pooling. A second factor is the amount of blood in the veins before inflation of the cuffs. In our studies, the extremities were elevated in order to collapse the veins before congestion, but in treating patients with acute pulmonary edema it is unusual and inadvisable to elevate the extremities and collapse the veins before inflating the cuffs. With the extremities at or below the level of the right atrium, as is usual in the clinical setting, the veins are partially distended before the cuffs are inflated. Consequently, the increment in venous pooling might be less in the clinical setting than in our study. On the other hand, it is possible that pulmonary vascular pressure-volume relationship may be steeper in patients with acute pulmonary edema than in our patients with chronic left heart failure so that small decreases in pulmonary blood volume might produce greater benefit in patients with acute pulmonary edema than in patients with chronic left heart failure. The results of this study should, therefore, be applied cautiously to consideration of congesting cuffs in the treatment of patients with acute pulmonary edema. The study indicates, however, that the decreases in venous distensibility which are characteristic of heart failure limit the amount of venous pooling produced by congesting cuffs.
